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IV. Scientific Progress and Accomplishments

A circuit-based analysis of low-frequency, electromagnetic scattering from
conducting targets has been presented, from which it was demonstrated that the late-time
(natural) response from such targets is represented by an exponentially damped response.
A rigorous, MoM analysis was then applied to the case of conducting, permeable BORs
in free space, for which the damped natural response was demonstrated as still
appropriate. Moreover, the MoM-computed decay constants were found to be in good
agreement with measured data.

Several important relationships were derived and demonstrated: i) for a conducting,
non-permeable target, the modal decay constants were shown to scale with conductivity,
and therefore results need only be computed for a representative conductivity, assuming
the target shape remains constant; ii) the decay constants (with m=0) for highly
permeable and conducting targets can be computed very accurately (<1% error) using a
simple resonant-cavity analysis (particularly useful for simple shapes such as cylinders
and discs); and iii) the Cramer-Rao lower bound for estimation of the decay parameters
can often be simplified to a simple relationship which only depends on the SNR
(computed from the noise variance and the decay coefficient). These relationships allow
one to perform quick “back-of-the-envelope” computations of the system requirements
for unambiguous target discrimination via decay-parameter estimation. In this context,
for the examples considered here, we have found that an SNR of roughly 20dB is
required.

The low-frequency, decay-constant discrimination of conducting, permeable targets has
many applications. For example, one can use it for concealed-weapon identification [31]
as well as for identification of buried metal mines (in which case discrimination mitigates
the need to dig up each piece of anthropic metal clutter). With regard to the latter
example, the effects of the lossy soil become important as the size of the metal target




diminishes (this is especially relevant for plastic mines which posses very small metal
content). Therefore, in future work we will consider the BOR targets buried in a lossy
half space. This problem constitutes a significant escalation in complexity, due to the
need to compute the half-space dyadic Green’s function.

V. Technology Transfer

The research reported here has been undertaken in close collaboration with the Corps of
Engineers (Vicksburg, MS) and the BoR code is now used by them routinely.




